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Ichthyols are sulfated shale oils with well-known anti-in-
fl ammato ry effects in dermatologic diseases. Their possible 
mechanisms of action were studied by measuring che-
motactic factor release from peripheral human leukocytes 
in vitro. Ichthyols caused no release of such factors by 
themselves but inhibited ionophore-induced release. After 
elution of the cell supernatants on reverse-phase high-pres-
sure liquid chromatography, followed by analysis of the 
fractions in the chemotaxis assay and the radioimmunoas-
say, lchthyols caused a reduction of lipids at marker po-
L ipid mediators, particularly lip oxygenase-dependent ar-achidonate metabolites such as leukotrienes (L Ts), have recently been shown to be elevated in the skin of pa-tients with psoriasis, atopic eczema, and a number of other.inflammatory dermatoses [1-5] . Therapeutic agents 
that reduce the formation of these compounds, such as the phos-
pholipase A2-inhibitory corticosteroids and the lipoxygenase-
inhibitory benoxaprofen [6,7], are effective therapeutic modalities 
in psoriasis and other inflammatory diseases [8-10]. These com-
pounds cause, however, considerable side effects which limit their 
clinical use in chronic inflammatory dermatoses. 
For this reason, renewed interest has turned to older therapeutic 
agents that have proved to be effective over many decades without 
causing serious side effects. Anthralin is one such agent. It lowers 
the levels of chemotactic LTs in psoriatic skin [4] and it inhibits 
epidermal Iipoxygenase [11]. In the present study, we have in-
vestigated another old therapeutic tool in dermatology, the so-
called Ichthyols, for similar activities. 
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Abbreviations: 
CF: chemotactic factor 
HPF: high-power microscopic field 
HPLC: high-pressure liquid chromatography 
LMB: lymphocytes , monocytes, basophils 
L T: leukotriene 
PG: prostaglandin 
PMN: polymorphonuclear ncutrophils 
RIA: radioimmunoassay 
s1t10ns for leukotriene B4 (L TB4) and 20-COOH-LTB4. 
The inhibition was also evident in the L TB4 radioimmu-
noassay, was dose- and time-dependent, and occurred in 
noncytotoxic concentrations of the agents. lchthyols also 
inhibit the chemotactic response of neutrophils toward L TB4 
and the unstimulated migration of cells. These inhibitory 
effects of Ichthyols on secretion of chemotactic arachidon-
ate metabolites from leukocytes and on cell migration pro-
vide a plausible explanation for their anti-inflammatory 
activity. } Invest Dermatol 87:694-697, 1986 
Ichthyols are water-soluble ammonium bituminosulfonates [12] 
that have been used in dermatology as anti-inflammatory and 
antipruriginous agents since 1882 [13] . . They have been shown to 
be effective in treating eczema of diverse causes, erysipelas, acne 
vulgaris, rosacea, and arthritis [13-15]. Ichthyols are available 
either as dark or as light mixtures . The dark Ichthyol is obtained 
during treatment of shale oil extracts with sulfuric acid at high 
temperatures, and the light Ichthyol results from prolonged sul-
fatation of the extracts at lower temperatures, yielding low-
molecular-weight compounds «800) and a thinner solution [16; 
information of the manufacturer]. 
In the present investigation, we have studied the effect of the 
Ichthyols on the generation of chemotactic factors (CFs), partic-
ularly of L TB4 and its biologically active metabolites, using both 
bioassay and analytical procedures. The modulation of neutrophil 
chemotaxis was studied also for control. The in vitro data provide 
a possible explanation for the anti-inflammatory properties of the 
Ichthyols, as observed in vivo. 
MATERIALS AND METHODS 
Preparation of Cells Blood was obtained by venipuncture 
from healthy volunteers and separated by Ficoll/Hypaque, to ob-
tain a fraction containing lymphocytes, monocytes, and basophils 
(LMB) and a fraction containing polymorphonuclear neutrophils 
(PMN) (>95% pure) and red blood cells. The latter were removed 
by an additional step of dextran sedimentation (see [17] for de-
tails) . 
Stimulation of Cells. Release of mediators was studied by in-
cubating 1 X 107 cells in 1 ml Hanks' buffer (Gibco, Glasgow, 
Scotland) with the calcium ionophore A 23187 (Eli Lilly, St. 
Louis, Missouri) at 1 x 10- 7 M, 37°C for 15 min, or for the time 
indicated (see [17] for details). The 2 Ichthyols, prepared as de-
scribed above and kindly provided by the Ichthyol-Gesellschaft, 
Hamburg, F.R.G., were preincubated for 10 min with the cells 
alone prior to stimulation with the ionophore. In some experi-
ments, the time of exyosure of the cells to the Ichthyols was 
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Table I. Inhibition of lonophore-Stimulated Release of 
Chemotactic Leukotrienes from Polymorphonuclear 
Neutrophils (PMN) and from Lymphocytes, Monocytes , and 
Basophils (LMB) by Different Concentrations of Light Ichthyol 
PMN + Ichthyol at: 
1.0 ITlg/ml 
0.1 ITlg/ml 
0.01 mg/ml 
LMB + Ichthyol at: 
1.0 ITlg/ml 
0.1 ITlg /ml 
0 .01 mg/ml 
CF Release 
100 ± 2 
77 ± 12 
55 ± 15 
100 ± 0 
100 ± 0 
90 ± 6 
Percent Inhibition 
L TB. Release (RIA) 
100 ± 0 
o ± 0 
o ± a 
55 ± 12 
36 ± 8 
28 ± 9 
Res ults arc expressed as mean ± 1 SD (n = 5). Control release with the ionophore 
was 5 x IO - H M LTB, for PMN and I X 10 - ' M L TB, for LMB. Note the greater 
inhibition of the release of chemo tactic activity than of L TB". as measured in the 
RIA which may be due to a direct effect of the diluted (I: 10) Ichthyols in the test 
solution in the chemotactic assay. The viability of the cells after incubation was 
>98 % • 
varied. One hundred microliters of the cell supernatants was tested 
in the chemotaxis assay and the radioimmunoassay (RIA). 
i Chemotaxis Directed, chemokinetic and random migration of 
cells 'Was studied by placing 2.5 x 106 PMN above a 3-JLm Mil 
lipore filter (Sartorius, G6ttingen, F.R.G.) in 2-way Boyden 
charn.bers [17 ,18] . The test substances were placed above and/or 
belo'W the filter to study chemokinesis [19]. Cells and test sub-
• stances were suspended in Hanks' buffer containing 1 mg/ml 
human serum albumin (Behringwerke, Marburg, F.R.G. ). Re-
sults are expressed as the number of cells that have migrated 
through the filter and adhere to its lower side in 5 high-power 
microscopic fields (HPF) or as percent of the positive standard, 
L TB4 at 10- 9 M (kindly provided by Dr. Rokach, Montreal, 
, Canada). The number of cells that had dropped from the filter 
after the 2-h incubation of the chambers at 37°C ranged from 0 
in the absence of cell migration to maximally 50 cells «1 % of 
adherent cells) during very active migration . 
Reverse-Phase High-Pressure Liquid Chromatography 
(HPLC) Chromatographic analysis of the samples was per-
forrn.ed exactly as previously described [4,20] . The column was 
calibrated with LTB4, 20-0H-LTB4' and 20-COOH-L TB4 (from 
Dr. Rokach, Montreal, Canada), and prostaglandin B2 (PGB2, 
Sigrn.a, Munich, F.R.G.) was added to each sample as an external 
standard. The fractions were evaporated, were reconstituted in 
Hanks' buffer, and, after pH adjustment, were analyzed for CF 
activity in the bioassay and for L TB4 in the RIA. L TB4 incubated 
alone or with Ichthyols served as controls . 
Radioimmunoassay L TB4 and related compounds were mea-
sured in a RIA with a commercially available antibody (Wellcome 
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Figure 1. Inhibition of PMN chemotaxis toward LTB4, 10 - 9 M. in the 
presence of Ichthyol light or dark at different concentrations in the lower 
part of the Boyden chambers. The response to LTB, of the cells incubated 
in buffer alone was set at 100% . Bars, SE. 
Diagnostics, Dartford, England) as previously described [20, 21] . 
Ichthyols incubated with synthetic L TB. for 30 min , 37°C, served 
as controls. 
Viability Cells were exposed to eosin Y (0.02% , 1 min), and 
exclusion of the dye was evaluated under the microscope for 
estimation of viability of the cells. By this m ethod, viability re-
mained above 98% in all experiments except at concentrations of 
Ichthyol > 2 mg/ml where LMB and PMN viability decreased 
to 65% after a 30-min incubation, compared with control cells. 
Statistics All samples were tested at least in quadruplicate, and 
experiments were repeated at least 3 times with different donors. 
Results are expressed as mean ± 1 SD of the expe,rimental data. 
RESULTS 
Neither of the two Ichthyols ever caused the release of CF and 
L TB4 by itself, but they induced inhibition of ionophore-stim-
ulated CF and L TB4 release. Representative data with Ichthyol 
light are shown in Table I for release ofCF and LTB4 from PMN 
and LMB. Release of CF activity was always more strongly in-
hibited than that of LTB4, as measured in the RIA, and LMB 
were more sensitive to inhibition of CF release by Ichthyols than 
were PMN. Ichthyols did not inhibit measurements of synthetic 
LTB. in the RIA . 
Since the greater inhibition of CF release, compared with the 
L TB4 RIA data, might be due to residual Ichthyol in the cell 
supernatants during the chemotaxis assay, Ichthyols were also 
tested alone in the Boyden chamber assay. Table II shows the 
results of a checkerboard titration, with dark Ichthyol being placed 
at varying concentrations above the filter with the PMN , below 
the filter , or above and below the filter. Inhibition of directed 
and random migration of the cells was evident in a dose-depen-
Table II. Effect of Dark Ichthyol on Human Polymorphonuclea r N eutrophil Migration 
Above 
Ichthyol 
(mg/ml) 1.0 0.75 0.5 0.25 0.1 0.01 C 
1.0 0 6 
0.75 0 10 
0.5 0 33 
Below 0.25 0 88 
0.1 140 147 
0.01 \99 184 
C 0 0 0 0 240 258 250 
Representative checkerboard analysis of the effect of dark Ichthyol and butTer alonc (C) On human PMN migration, with Ichthyol placed above andlor below the filtcr 
in the Boyden chamber. Results arc expressed as mean (5 determinations) number of cells that ha ve migra ted through filters in 5 HP F. There is a dose-dependent inhibition 
of c h errtotactic (I/crtical colli"", ) and of chemokinetic (l,orizotJtai aud diagotlal CO/WillIS) migration of the cells . Similar results were obtained with light lchthyol and in 2 other 
experilTlents with different donor leukocytes. 
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Figure 2. Time-dependent inhibition of CF release from PMN by lch-
thyol dark or light at 0.1 mg/ml. Cells were preincubated with buffer 
alone (100%) or with the lchthyols for thc time indica ted and were then 
stimu lated for CF release by the calcium ionophore A 23187 for 15 min. 
Viability aftcr incubation was always >98% . Bars, SE. 
dent manner, and this held fo r both types of lchthyols in 2 other 
experiments (not shown). 
The chemotactic migration of PMN toward L TB" was also 
reduced in a dose-dependent manner by both agen ts (Fi g 1) . [ch-
thyol dark was less inhibitory in 2 of 3 experiments and eq ually 
inhibitory as [chth yol light in a th ird experiment. Studies of the 
effect of lchthyols on LMB chemotaxis were not done since nor-
mal LMB exhibit no significant random mobility and are not 
chemotactic toward L TB" [22). 
The kinetics of inhibition of CF release were studied next by 
prein cubating cells with the Ichthyols (0.1 mg/ml) for varying 
time periods, followed by stimulation with the ionophore for 15 
min (Fig 2). Both agents needed about 10 min of contact with 
cells before a significant red uction of release was noted. T he fin al 
concentration of lchthyols in the cell supernatants, w hen studied 
in the chemota xis assay, was 0.01 mg/ml and contributed there-
fore only little to the tim e-dependent inhibition ofCF release, as 
shown in Fig 2. 
A redu ction of the amount of LTB4 and its metab01ites in the 
cell supernatants was confirm ed by HPLC analysis. Contact of 
the cells with [chthyols at 1 mg/ml for o nly 5 min, fo llowed by 
a 15-min ionophore stimulation, caused no reduction of the HPLC 
peaks or of L TB" in the unfractio nated cell supernatants and in 
the HPLC fra ctions, as measured by RIA (not shown). Inhibition 
was, however, clearly evident after a IS- min preincubation (Fig 
~ )01 
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3). Both peaks at the L TB4 position were reduced , and so was 
the pea k at the 20-COOH-L TB4 position in the presence of lch-
thyol li ght. l chthyol dark itself caused a broad pea k at fra ction 2 
of the HPLC. This pea k extended into the following fractions 
and caused even an increase in the size of the PGB2 standard peak. 
Analysis of the fractions showed a complete inhibition o f the CF 
activity at marker positions for L TB" and 20-COOH-L TB" and 
of the LTB4-RIA measurements (frac tions 8 and 3, respectively) 
by both lchthyols (Fig 3). T he size of the peak of synthetic LTB" 
was not inhibited by preincubation with either of the Ichthyols. 
D [SC USSION 
The data presented here show 2 basic properties of the lchthyols 
w hich provide a basis for the anti- inflammatory effects of the 
agents in vivo: (1). There is an inhibition of un stimulated and 
L TB4-induced in vitro neutrophil mig ration , and (2) the amount 
of CFs in stimulated leukocyte supernatants is reduced. L TB4 is 
one of the CFs that is identified in these supernatants and that is 
affected by the IchthyoIs. 
T he inhibition of neutrophil mig ration occurs at noncytotoxic 
doses and affects the cells in a nongradient settin g (Table II). 
Stimulation of cell migration , as reported recently by another 
group [23), was never observed by us with cells from 5 different 
human donors . Reasons for this divergence of results might b e 
related to the time of incubation of the chemotaxis chambers , the 
concen trations of albumin in the buffer, or the method of eval-
uation of cell migration. In agreement with the latter authors who 
observed inhibition of chemotaxis toward formy l peptides, ECF, 
and activated serum [23), we found a dose-dependent inhibition 
of LTB,,-induced chemotaxis of PMN by the Ichthyols (Fig 1) . 
The findings are relevant in that Ichthyols would thus suppress 
the biologic effects of C Fs which are present in inflamed tissue . 
[n accordance with our observations on the inhibi tory rather than 
stimulatory ac tivity of Ichthyols on normal PMN, these agents 
cause no inflammatory changes when app lied to normal skin [1 3). 
The lack of in vivo inflammatory effects of the Ichthyols fit 
also with the inabi li ty of these agents to induce CF secretion from 
PMN or LMB, as reported here. Furthermore, both lchthyols 
inhibit ionophore-induced CF secretion (Table I, Fig 2). LTB" 
and its metabolites arc known to be the main chemotactic prod-
ucts during ionophore-induced stimulation ofneutrophils [24,25). 
L TB", and less so its two 20-C oxidation produ cts, have been 
shown to be bio logicall y active in decreasing order of magnitude 
in the chemotaxis assa y, as employed here [26). O ur data, show-
ing redu ced va lues of the LTB.,-RIA and lower pea ks and biolog ic 
activities at the LTB4-marker positions on HPLC, give support, 
altho ugh no fina l proof, to the notion that reduction of L TB" 
doric ICHTHVOl 
PGa. 
Figure 3. Reverse-phase HPLC elu tion 
curve of ionophore-stimulated PMN su-
pernatants alone (Ieji) or after preincuba-
tion of cells with dark (right) or light (CCII-
ter) !chth yols. Chemotactic acti vity (ce lls/S 
HPF) and LTB4-RIA (ng/ml) measurc-
mcnts are shown in thc ill sets. The posi-
tions of L TB" markers and of the internal 
PGB2 standard arc shown by armws. 
, 2 3 4 S b 7 e 9 10 fr. 
VOL. 87. N O.6 DECEMBER 1986 
secre tion by cell s does indeed occur. The need for a prolonged 
I incuba tion before a reduction of ionophore-stimulated LTB4 and r CFs a r e measured , suggests that Ichth yol affects the secretory 
proces s o f the cell in addition to the bio logic effect o f its secreted 
products. 
Ichthyols have been shown in the past to be reducin g agents 
[13], to lower total lipids in the epidermis [15] , and to inhibit the 
activity of esterases that act on short-chain f.1 tty acids [27]. These 
finding s are in line with the present data which show that Ich-
thyols reduce arachidonate-dependent, lipoxygenase-driven L TB4 
production. The bio logic effects of Ichthyols , as repo rted until 
no'W in the literature, and their inhibitory effects on unstimulated 
and CF-induced cell migration and on ionophore-induced L TB4 
secre tion , as observed here, provide a seemingly plausible basis 
fo r the anti-inflammato ry properties of the agents in vivo. 
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